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The title compound, C32H29NP2S2, has two molecules in the 
asymmetric unit, with an r.m.s. difference of 0.218 A in their 
best-fit overlay. Both molecules have a slightly distorted 
trigonal-planar N atom, bonded to two P v atoms and a C atom 
of the 4-ethylphenyl unit. The P-N-P angles of 126.34 (11) 
and 125.98 (11)° are larger than the four C-N-P bond 
angles. The two S atoms are trans to one another with respect 
to the P— N— P angle. The crystal structure features C— H- ■ -it 
interactions. The methyl group in one of the molecules is 
disordered over two sets of sites, with occupancies of 0.518 (6) 
and 0.482 (6). 

Related literature 

For background to the chemistry of coordination compounds 
containing P— N bonds and for their applications, see: Hartley 
(1990); Greenwood & Earnshaw (1984); Balakrishna et al. 
(2000). For the ability of bis(diphenylphosphino)alkylaniline 
derivatives to form chelates with transition metal ions, see: 
Biricik et al. (2007); Fei & Dyson (2005). For the synthesis of 
the title and related compounds, see: Fernandez et al. (2005); 
Gaw et al. (2002); Fei et al. (2004); Slawin et al. (2005). 




Experimental 

Crystal data 

C 32 H 29 NP 2 S 2 
M, = 553.62 
Triclinic, PI 
a = 9.6305 (11) A 
b = 13.8027 (14) A 
c = 21.360 (2) A 
a = 82.484 (2)° 
/3 = 84.635 (2)° 

Data collection 

Bruker X8 APEXII 4K KappaCCD 

diffractometer 
Absorption correction: multi-scan 

(SADABS; Bruker, 2008) 
= 0.946, r max = 0.974 

Refinement 

R[F 2 > 2a(F 2 )] = 0.042 
W R(F 2 ) = 0.107 
s = 1.00 

13522 reflections 
684 parameters 



y = 79.975 (2)° 
V = 2764.7 (5) A 3 
Z = 4 

Mo Ka radiation 
li = 0.33 mm -1 
T = 173 K 

0.17 x 0.08 x 0.08 mm 



56725 measured reflections 
13522 independent reflections 
9271 reflections with / > 2o(I) 
R<„. = 0.054 



9 restraints 

H-atom parameters constrained 
A/w = 0.82 e A~ 3 
Apmin = -0.36 e A~ 3 



Table 1 

Hydrogen-bond geometry (A, °). 

Cgl and Cgl are the centroids of the C19-C24 and C57-C62 rings, 
respectively. 



D-H-A 


D—H 


H-A 


D-A 


D-H-A 


C17-H17-Cg2' 


0.95 


2.97 


3.759 (3) 


141 


C64-H64A- ■ Cgl" 


0.98 


2.88 


3.767 (3) 


151 



Symmetry codes: (i) — x + 2, — y, — z + 1; (ii) x — l,y, z + 1. 



Data collection: APEX2 (Bruker, 2008); cell refinement: SAINT- 
Plus (Bruker, 2008); data reduction: SAINT-Plus and XPREP 
(Bruker, 2008); program(s) used to solve structure: SHELXS97 
(Sheldrick, 2008); program(s) used to refine structure: SHELXL97 
(Sheldrick, 2008); molecular graphics: ORTEP-3 (Farrugia, 2012); 
software used to prepare material for publication: WinGX (Farrugia, 
2012). 
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N,N-Bis(diphenylthiophosphinoyl)-4-ethylaniline 

Peter A. Ajibade, Damian C. Onwudiwe and Bernard Omondi 

Comment 

Compounds containing P — N bonds have been known for many years and their chemistry has been of considerable 
interest because of their applications in increasingly diverse fields (Hartley, 1990; Greenwood & Earnshaw, 1984) and in 
homogeneous catalysis as these ligands can be used for fine tuning the activity and selectivity of the catalyst (Balakrishna 
et al, 2000). Bis(diphenylphosphino)alkylaniline derivatives are of particular interest among amino phosphines due to 
their stability and ability to form chelates with transition metal ions (Biricik et al, 2007; Fei & Dyson, 2005). Synthesis 
of bis(diphenylphosphino)alkylaniline is through aminolysis of aniline (Fernandez et al, 2005; Gaw et al, 2002) and 
incorporation of additional functional groups (Fei et al, 2004; Slawin et al, 2005). 

The structure of (I) Fig. 1, has a slightly distorted trigonal planar N atom bound to two P v atoms and a C atom of the p- 
ethylphenyl moiety in which the P-N-P angle is larger, 126.01 (11) and 126.28 (11)°, than the four C-N-P bond angles in 
the two molecules (between 116.03(13 and 117.10 (13) A). The two S atoms are trans to one another with respect to the 
trigonal plane. The P-N bond distances 1.7162 (18), 1.7192 (18), 1.7134 (17) and 1.7212 (18) A and P-S bond distances 
1.9469 (8), 1.9468 (8), 1.9446 (8) and 1.9449 (8) A are similar in both molecules and compare well to those of similar 
molecules in literature (Slawin et al, 2005). The r.m.s. value of an overlay of the two molecules is 0.218 A and shows 
major differences only between the ethyl moieties of the two molecules. The crystal lattice is stabilized by two C — H - n 
intermolecular interactions with Cg— H distances of 3.759 (3) and 3.767 (3) A. 

Experimental 

A r ,A L Bis(diphenylphosphino)ethylaniline is prepared by the aminolysis reaction of H 2 NC6H 4 — C2H 5 (4-C2H 5 ) with two 
equivalents of Ph 2 PCl according to the procedure given in the literature (Hartley, 1990). Solid A r ,A L bis(diphenyl- 
phosphino)ethylaniline (0.20 g, 0.420 mmol) and S8 (0.027 g, 0.840 mmol) were dissolved in 20 ml of tetrahydrofuran 
and refluxed for 6 h. The volume was concentrated in vacuo to about 2 ml follow by the addition of 20 ml n-hexane to 
give [(Ph 2 P(S) 2 N — C 6 H 4 (C 2 H 5 )] as a white solid. Recrystallization in chloroform hexane gave crystals suitable for X-ray 
analysis. 

Computing details 

Data collection: APEX2 (Bruker, 2008); cell refinement: SAINT-Plus (Broker, 2008); data reduction: SAINT-Plus and 
XPREP (Bruker, 2008); program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: ORTEP-3 (Farrugia, 2012); software used to prepare 
material for publication: WinGX (Farrugia, 2012). 
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Figure 1 

The asymmetric unit of the title compound with displacement ellipsoids drawn at the 50% probability level. 




Figure 2 

Overlay structure of the two molecules in the asymmetric unit. 
iV,iV-Bis(diphenylthiophosphinoyl)-4-ethylaniline 



Crystal data 

C32H29NP2S2 
M r = 553.62 
Triclinic, PI 
Hall symbol: -P 1 
a = 9.6305 (11) A 
b = 13.8027 (14) A 
c = 21.360 (2) A 
a = 82.484 (2)° 
P = 84.635 (2)° 



y = 79.975 (2)° 
K= 2764.7 (5) A 3 
Z=4 

F(000)= 1160 

D x = 1.33 Mgnr 3 

Mo Ka radiation, 1 = 0.71073 A 

Cell parameters from 56725 reflections 

6= 1.0-28.2° 

ju = 0.33 mirT 1 
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T= 173 K 
Needle, colourless 

Data collection 

Broker X8 APEXII 4K KappaCCD 

diffractometer 
Graphite monochromator 
<p and co scans 

Absorption correction: multi-scan 

(SADABS; Broker, 2008) 
T mm = 0.946, T max = 0.974 
56725 measured reflections 

Refinement 

Refinement on F 2 
Least-squares matrix: full 
R[F* > 2<t(^ 2 )] = 0.042 
wR(F 2 ) = 0.107 
S = 1.00 

13522 reflections 
684 parameters 
9 restraints 

Primary atom site location: structure-invariant 
direct methods 



0.17 x 0.08 x 0.08 mm 



13522 independent reflections 
9271 reflections with/> 2a(I) 
R mt = 0.054 

ftnax ~ 28.2°, ^min = 1.0° 

h = -12— >12 
& = -18->18 
/= -28^28 



Secondary atom site location: difference Fourier 
map 

Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
w = ll[a\F 2 ) + (0.0442P) 2 + 1.5667P] 

where P = (F 2 + 2F 2 )/3 
(A/£j) max = 0.001 
Ap max = 0.82 e A" 3 
A/w = -0.36 e A~ 3 



Special details 

Experimental. Carbon-bound H-atoms were placed in calculated positions [C — H = 0.98 A for Me H atoms, 0.99 A for 
Methylene H atoms and 0.95 for aromatic H atoms; f/ iso (H) = 1.2jy eq (C) (1.5 for Me groups)] and were included in the 
refinement in the riding model approximation. Disorder: Disorder was found for one ethyl group in the /?-ethylpyridyl 
moiety, which is not an uncommon situation. The disorder was modelled for C- and H- atoms using distance restraints 
and constraints, and PART instructions and the total occupancy was kept as 1 during the refinement. The carbon atom 
involved in disorder were modelled with anisotropic thermal parameters. The occupancy of the C atoms in the disordered 
ethyl moiety was fixed at 50:50 during the refinement. 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , 
conventional 7?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > a(F 2 ) is used 
only for calculating .K-factors(gt) etc. and is not relevant to the choice of reflections for refinement, ^-factors based on F 2 
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


XI */U 


Occ. (<1) 


CI 


0.5587 (2) 


0.33146(16) 


0.20639 (10) 


0.0147 (4) 




C2 


0.4212 (2) 


0.31222 (16) 


0.22027 (10) 


0.0158 (4) 




H2 


0.389 


0.2643 


0.1996 


0.019* 




C3 


0.3308 (2) 


0.36277 (17) 


0.26418(11) 


0.0180 (5) 




H3 


0.2371 


0.3493 


0.2733 


0.022* 




C4 


0.3767 (2) 


0.43249 (17) 


0.29454(11) 


0.0184 (5) 




H4 


0.3149 


0.4666 


0.3247 


0.022* 




C5 


0.5134 (2) 


0.45267 (16) 


0.28089 (11) 


0.0178 (5) 




H5 


0.5449 


0.5007 


0.3018 


0.021* 
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Co 


A £C\A\ /"I\ 

0.6041 (2) 


0.40305 (16) 


H6 


0.6972 


0.4176 


C7 


0.6830 (2) 


0.35878 (16) 


C8 


0.6379 (2) 


A T /IIOI / 1 0\ 

0.34382 (18) 


TJ Q 

Ho 


A ^A1 

0.603 


0.2&48 


C9 


A /" A A 1 /I \ 

0.6443 (2) 


A /I 1 C O /I \ 

0.4158 (2) 


T TA 

H9 


A £L 1 A A 

0.6149 


A A AC 1 

0.4051 


CIO 


A /'AIA /1\ 

0.6929 (2) 


A CA1/"0 / 1 A\ 

0.50268 (19) 


i_ri a 
H10 


0.6965 


A C C 1 C 

0.55 15 


Cll 


A T) /T/T /1\ 

0.7366 (2) 


A C101A / 1 0\ 

0.51829 (18) 


T T 1 1 

Hll 


A 1 f (\ A 

0.7694 


0.5782 


C12 


0.7326 (2) 


0.44653 (17) 


H12 


0.7637 


A A C 11 

0.4572 


C13 


1.0769 (2) 


0.10323 (16) 


f 1 1 ,1 

C14 


A AATA /1\ 

0.9979 (2) 


A A 1 "7 1 /" / 1 

0.02726 (16) 


TT1 yl 


0.8976 


A A A 1 1 

0.0411 




1.0657 (2) 


-0.06832 (17) 


TT1 C 

H15 


1 fll 1 o 

1.0118 


A 1 1 AC 

-0.1195 


C16 


1 111/" /I \ 

1.2126 (2) 


A AOA1C /1 T\ 

-0.08925 (17) 


i_ri £ 
H16 


1 i con 


A 1 C C 

—0.155 


CI / 


1 inn 
1.291 / (2) 


AA1/1C/1 / 1 0\ 

—0.01454 (15J 


H17 


1 1 A1 1 

1.3921 


A AIA") 

-0.0293 




1.2246 (2) 


a aoijCC /n\ 

0.08165 (17) 


T T 1 O 

H18 


1.2789 


0.133 


pin 

ciy 


0.9629 (2) 


0. 22248 (1 /) 


C20 


a a 1 r ^ /i \ 

0.9154 (2) 


0.14218 (17) 


t m a 
Hi I) 


A OA 1 H 

0.8917 


A AOAC 

0.0895 


C21 


A AA1A /1\ 

0.9029 (2) 


a nnc/i / 1 o\ 

0.13954 (18) 


ll"l i 
H21 


A Q£A/T 

0.8696 


A (IOCC 

0.0855 


C22 


0.9392 (2) 


0.21577 (19) 


H22 


a m 

0.93 


A 1 1 1 A 

0.2139 


PIT 

C23 


A AO O O t n )\ 

0.9888 (2) 


A OA/n£ / 1 A\ 

0.294/6 (19) 


t m 

Hi J 


1 A 1 /I A 

1.0149 


A 1 A 

0.3463 


/~*"i /i 

C24 


1 AAAO /"!\ 

1.0002 (2) 


A 1AOCC f 1 H\ 

0.29855 (17) 


H24 


1.0335 


0.3529 


/"*"> c 

C25 


0.8366 (2) 


A 1 1 O "71 /I H\ 

0.21872 (17) 


Lib 


A C A /"I\ 

0.7654 (2) 


A 1 If If f \ H\ 

0.14545 (17) 


T 11 /" 

H26 


0.7177 


0.1083 


L27 


A "7/T ") O /I A 

0.7638 (3) 


0.12657 (19) 


H27 


0.7131 


A A "7 T") 

0.0773 


/"""> o 

C28 


A CI /1\ 

0.8352 (2) 


A 1 no A /1\ 

0.1784 (2) 


C29 


A AAC/" /1\ 

0.9056 (2) 


A 1 C A O /1\ 

0.2508 (2) 


T 11 A 

H29 


A AC /I A 

0.9549 


A 1011 

0.2871 


pin 
C30 


0.9065 (I) 


A OTOAA /1 0\ 

0.2 /200 (18) 


H30 


0.9548 


0.3227 


C31A 


0.8203 (5) 


0.1365 (5) 


H31A 


0.8463 


0.0634 


H31B 


0.722 


0.1542 


C32A 


0.9219 (6) 


0.1829 (4) 



0.23693 (11) 0.0170 (5) 

0.2275 0.02* 

0.07850(11) 0.0163 (4) 

0.02078(11) 0.0202(5) 

0.0169 0.024* 

-0.03108 (12) 0.0258 (5) 

-0.0705 0.031* 

-0.02589 (12) 0.0269 (6) 

-0.0615 0.032* 

0.03159 (12) 0.0241 (5) 

0.0354 0.029* 

0.08364(11) 0.0198 (5) 

0.1227 0.024* 

0.16047(10) 0.0138 (4) 

0.17924(10) 0.0152(4) 

0.1801 0.018* 

0.19667 (11) 0.0176 (5) 

0.2108 0.021* 

0.19343 (11) 0.0199 (5) 

0.2047 0.024* 

0.17376 (11) 0.0193 (5) 

0.1712 0.023* 

0.15790 (10) 0.0160 (4) 

0.1452 0.019* 

0.05160 (10) 0.0151 (4) 

0.03165 (11) 0.0172 (5) 

0.0618 0.021* 

-0.03239 (11) 0.0212 (5) 

-0.046 0.025* 

-0.07646 (12) 0.0253 (5) 

-0.1202 0.03* 

-0.05695 (11) 0.0233 (5) 

-0.0874 0.028* 

0.00685 (11) 0.0178 (5) 

0.0201 0.021* 

0.24500(10) 0.0159(4) 

0.27729(11) 0.0212(5) 

0.2544 0.025* 

0.34268 (12) 0.0271 (6) 

0.3641 0.033* 

0.37793 (12) 0.0280 (6) 

0.34481 (12) 0.0268 (6) 

0.3676 0.032* 

0.27942 (11) 0.0201 (5) 

0.2582 0.024* 

0.4457 (3) 0.0251 (14) 0.482 (6) 

0.4503 0.03* 0.482 (6) 

0.4637 0.03* 0.482 (6) 

0.4788 (3) 0.0328 (16) 0.482 (6) 
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H32A 


1.0175 


0.1681 


H32B 


0.9217 


0.1555 


H32C 


a on 1 /" 

0.8916 


A 1 C A O 

0.2548 


C32B 


0.9574 (6) 


0.0888 (6) 


H32D 


0.9476 


0.0255 


H32b 


0.9522 


A AOI yl 

0.0824 


T T*5 OT7 

tiiZt 


1.0487 


a 1 az:o 

0.1068 


C31B 


A O ,1 O A //'X 

0.8439 (6) 


0.1653 (4) 


H31C 


0.856s 


a Tim 
0.2292 


H31D 


0.7528 


0.1493 


L33 


A AOT1 

0.0832 (2) 


0.32778 (16) 


C34 


0.1283 (2) 


0.39978 (16) 


H34 


0.2223 


A A 1 TO 

0.4129 


C35 


0.0356 (2) 


0.45200 (17) 


H35 


0.0668 


0.5003 


C36 


-0.1018 (2) 


0.43402 (17) 


H36 


— 0.1646 


A A cno 

0.469o 


C37 


A 1 /I T7 /1\ 

-0.1477 (2) 


0.36362 (17) 


H37 


-0.2424 


0.3517 


C38 


A AC C*7 /1\ 

-0.0557 (2) 


0.31046 (16) 


T TO O 

H38 


-0.0875 


0.2622 


C39 


A 1 A/" A /1\ 

0.1969 (2) 


0.35422 (16) 


C40 


0.1467 (2) 


0.33689 (18) 


T T A A 

H40 


A 1 1 <n 

0.1147 


0.2762 


Z" 1 A 1 

C41 


0.1434 (2) 


0.4083 (2) 


H41 


0.1103 


0.3959 


C42 


0.1880 (2) 


0.4973 (2) 


H42 


A 1 Of 1 

0.1853 


A C A £. 

0.546 


C43 


0.2364 (2) 


0.M333 (15) 


H43 


0.2665 


0.5769 


A A 

L44 


0.2412 (2) 


A A A AH 1 / 1 T\ 

0.44471 (17) 


IT A A 

H44 


0.2745 


a a 

0.4576 


C45 


0.6032 (2) 


A 1 A/1 AO /"1 

0.10402 (16) 


C46 


0.5259 (2) 


0.02773 (16) 


T T A ZT 

H46 


0.4255 


A A A 1 A 

0.0414 


C47 


0.5958 (2) 


-0.06828 (17) 


T T /I "7 

H47 


A C A 1 1 

0.5433 


A 1 

—0.1202 


C48 


0.7427 (2) 


-0.08827 (17) 


T T A O 

H48 


A "7 A A ~) 

0.7903 


A 1 C /I 

0. 154 


L49 


0.8201 (2) 


a Ann i 1 n\ 

-0.01322 (17) 


H49 


A A1A/1 

0.9204 


-0.0275 


C50 


0.7507 (2) 


A Aom f ~\ n\ 

0.08337 (17) 


H50 


A O AO O 

0.8038 


0.1352 


C51 


a Anne /t\ 

0.4775 (2) 


A T1C10 1 A £\ 

0.22518 (16) 


C52 


0.4342 (2) 


0.14306 (17) 


H52 


0.4193 


0.0879 


C53 


0.4132 (2) 


0.14256 (18) 


H53 


0.3824 


0.0873 


C54 


0.4369 (2) 


0.22218 (19) 



0.4585 0.049* 0.482 (6) 

0.5235 0.049* 0.482 (6) 

0.4756 0.049* 0.482 (6) 

0.4745 (3) 0.072 (3) 0.518 (6) 

0.4606 0.108* 0.518 (6) 

0.5209 0.108* 0.518 (6) 

0.4576 0.108* 0.518 (6) 

0.4514 (3) 0.0204 (15)* 0.518 (6) 

0.4646 0.025* 0.518 (6) 

0.4719 0.025* 0.518 (6) 

0.71094(10) 0.0136(4) 

0.74106(11) 0.0180(5) 
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0.0157(11) 


0.0199 


(12) 


-0.0020 (8) 


-0.0003 (8) 


-0.0055 (9) 


C59 


0.0169(10) 


0.0152(11) 


0.0184 


(11) 


-0.0021 (8) 


0.0015 (8) 


-0.0011 (9) 


C60 


0.0174(10) 


0.0194(12) 


0.0165 


(11) 


0.0019(8) 


-0.0002 (8) 


-0.0040 (9) 


C61 


0.0196(10) 


0.0209 (12) 


0.0204 


(12) 


-0.0051 (9) 


-0.0012 (9) 


-0.0073 (10) 


C62 


0.0157(10) 


0.0158 (11) 


0.0208 


(12) 


-0.0053 (8) 


0.0002 (8) 


-0.0032 (9) 
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Co3 


A A101 / 1 o A 
0.0323 (13) 


A AOO"0 ( \ A A 

O.Oz fy (14) 


a f\t 'in { i i\ 
0.0 1 J / (11) 


A AA1 ^ /1 A A 

— 0.003j (1U) 


— 0.003Z (V) 


A AA1 A ( 1 AA 
"0.0034 (1U) 


Co4 


A AO TO / 1 A A 

0.033ft (14) 


A ai n /I CA 

0.033 / (ID) 


A A1 £A /1 OA 

0.0160 (1Z) 


A AA1 /I / 1 1 A 

— 0.0034 (11) 


A AA1 "7/1 A A 
0.001 / (ID) 


A AAA 1 /I 1 \ 

—0.0001 (11) 


JN1 


0.01Z3 (5) 


A A 1 A A /AA 

o.oi4y (y) 


A AI /If /AA 

0.014:) (V) 


A AA 1 1 fH\ 

—0.0013 (/) 


A AA1 A (H\ 
0.0010 (/) 


A A AO C /*7A 

— 0.00ZO (/) 


JNz 


O.Ollz (s) 


a Am sew 
0.013z [y) 


A A1 A O /AA 

0.0142 (y) 


A AAO/1 /£A 

— 0.00z4 (o) 


A AAAO /£A 

O.OOOy (o) 


A AA1 A f1\ 

—0.0034 (/) 


rl 


a ai 1 a /oa 
0.0114 (z) 


A A1 1 /"1A 

O.Ollo (3) 


(J. 0154 (J) 


A AATTJ /1 A\ 

— O.OOz /3 (iy) 


A AAAC /OA 

O.OOOj (z) 


A A A A 1 /OA 

—0.0043 (z) 


rz 


0.0112 (2) 


A A 1 11 /T\ 

0.0123 (3) 


A A 1 A O /O A 

0.0142 (3) 


A AAIOC /I A\ 

-0.00285 (19) 


A A A A 1 A /1 A A 

0.00019 (19) 


A AA1 /I /OA 

-0.0034 (2) 


rJ 


n oi ns n\ 

u.uiuo yz. ) 


o 01 07 a\ 


0 01 6^ 


—0 00996 C1 

U.UUZZO ^l7j 


—0 000^4 C1 

U.UUUJH- ^l7j 


—0 0097 (1\ 

U.UUZ / J 


P4 


0.0110(2) 


0.0121 (3) 


0.0142 (3) 


-0.00277 (19) 


0.00019 (19) 


-0.0036 (2) 


SI 


0.0173 (3) 


0.0155 (3) 


0.0286 (3) 


-0.0069 (2) 


0.0029 (2) 


-0.0094 (2) 


S2 


0.0171 (2) 


0.0173 (3) 


0.0216(3) 


-0.0079 (2) 


0.0007 (2) 


-0.0064 (2) 


S3 


0.0162 (2) 


0.0135(3) 


0.0214(3) 


-0.0049 (2) 


-0.0010 (2) 


-0.0049 (2) 


S4 


0.0168 (2) 


0.0176 (3) 


0.0225 (3) 


-0.0085 (2) 


0.0021 (2) 


-0.0066 (2) 



Geometric parameters (A, °) 



CI— C2 


1.393 (3) 


C33— C34 


1.400 (3) 


CI— C6 


1.402 (3) 


C33— P3 


1.818 (2) 


CI— PI 


1.819(2) 


C34— C35 


1.390 (3) 


C2— C3 


1.390 (3) 


C34— H34 


0.95 


C2— H2 


0.95 


C35— C36 


1.384 (3) 


C3— C4 


1.381 (3) 


C35— H35 


0.95 


C3— H3 


0.95 


C36— C37 


1.387 (3) 


C4— C5 


1.389 (3) 


C36— H36 


0.95 


C4— H4 


0.95 


C37— C38 


1.391 (3) 


C5— C6 


1.386 (3) 


C37— H37 


0.95 


C5— H5 


0.95 


C38— H38 


0.95 


C6— H6 


0.95 


C39— C40 


1.395 (3) 


C7— C8 


1.396 (3) 


C39— C44 


1.400 (3) 


C7— C12 


1.398 (3) 


C39— P3 


1.813 (2) 


C7— PI 


1.813 (2) 


C40— C41 


1.388 (3) 


C8— C9 


1.392 (3) 


C40— H40 


0.95 


C8— H8 


0.95 


C41— C42 


1.383 (4) 


C9— C10 


1.382 (4) 


C41— H41 


0.95 


C9— H9 


0.95 


C42— C43 


1.381 (4) 


C10— Cll 


1.389 (4) 


C42— H42 


0.95 


C10— H10 


0.95 


C43— C44 


1.389 (3) 


Cll— C12 


1.391 (3) 


C43— H43 


0.95 


Cll— Hll 


0.95 


C44 H44 


0.95 


C12— H12 


0.95 


C45— C46 


1.394 (3) 


C13— C14 


1.397 (3) 


C45— C50 


1.397 (3) 


C13— C18 


1.398 (3) 


C45— P4 


1.811 (2) 


CI 3— P2 


1.806 (2) 


C46— C47 


1.390 (3) 


C14— C15 


1.387 (3) 


C46— H46 


0.95 


C14— H14 


0.95 


C47— C48 


1.391 (3) 


C15— C16 


1.391 (3) 


C47— H47 


0.95 


C15— H15 


0.95 


C48— C49 


1.382 (3) 


C16— C17 


1.386 (3) 


C48— H48 


0.95 


C16— H16 


0.95 


C49— C50 


1.392 (3) 


C17— C18 


1.386 (3) 


C49— H49 


0.95 


C17— H17 


0.95 


C50— H50 


0.95 
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pi o TT 1 O 

C 1 o — H 1 8 


n nc 

0.95 


PCI /nfi 

C51 — C52 


1 ino /"> \ 

1.398 (3) 


C19 — C24 


1 in/' /i \ 

1.396 (3) 


C51 — C56 


1 "> nn \ 

1.399 (3) 


C19 — C20 


1 i no /*) \ 

1.398 (3) 


P C 1 Ti A 

C51 — P4 


1.816 (2) 


Pin m 

C19 — rz 


1.814 (z) 


C52 — C53 


1 ") OA /"i \ 

1.389 (3) 


LzO — Cz 1 


1 inA /">\ 

1.390 (3) 


C52 — H52 


A AC 

0.95 


C20 — H20 


0.95 


C53 — C54 


1 1 O A f A\ 

1.384 (4) 


pi 1 ph 

C21 — C22 


1 TOP /I \ 

1.386 (3) 


PCI TIC 1 

C53 — H53 


A AC 

0.95 


PT1 tto 1 

Czl — Hzl 


0.95 


/~*c A per 

C54 — C55 


1 1 A 1 //I \ 

1.391 (4) 


PH P1 1 

Czz — Cz3 


1 "5 OO SA\ 
1.388 (4) 


p C /] TTC /I 

C54 — H54 


A AC 

0.95 


Czz — Hzz 


A AC 

0.95 


pre P c PT 

C55 — C56 


1 ■*? Ol PI \ 

1.382 (3) 


PT) PI /I 

Cz3 — Cz4 


1 TO£ /O \ 

1.386 (3) 


pr r TTC C 

C55 — H55 


A AC 

0.95 


PT> TTIO 

C23 — H23 


0.95 


C56 — H56 


0.95 


PO /I TTO >l 

Cz4 — Hz4 


A AC 

0.95 


prn PC O 

C57 — C58 


1 i on \ 

1.387 (3) 


PIC p -\ /" 

C25 — C26 


1 mi /o\ 

1.392 (3) 


PCT PP1 

C57 — C62 


1 1 n c /o \ 

1.395 (3) 


P 1 C P ") A 

C25 — C30 


1 i n /i /i \ 

1.394 (3) 


C57 — N2 


1.464 (3) 


(~ • "\ Z XT 1 

Cz5 — N 1 


1.461 (3) 


pro PC A 

C58 — C59 


1 im /i\ 

1.393 (3) 


P^O PL p^l 

Cz6 — Cz / 


1.386 (3) 


pro TTC O 

C58 — Ho 5 


A AC 

0.95 


pi p Tn /" 

C26 — H26 


A AC 

0.95 


pen p p n 

C59 — C60 


1 TAP /I \ 

1.396 (3) 


P 1 "7 PI O 

C27 — C28 


1 /I A A i A\ 

1.400 (4) 


p c n t tc n 

C59 — H59 


0.95 


pn Tjon 

Cz7 — Hz7 


A AC 

0.95 


C ' C t\ p < p 1 

C60 — C61 


i mi \ 

1.391 (3) 


pio pin 

C28 — C29 


1 T O C //I \ 

1.385 (4) 


C60 — C63 


1.514 (3) 


PI O P") 1 A 

C28 — C31A 


1 yl n 1 /P"\ 

1.491 (6) 


P P" 1 PP1 

C61 — C62 


1 lOI /O \ 

1.382 (3) 


C28 — C31B 


1.565 (7) 


C61 — H61 


0.95 


p i n p *) n 

C29 — C30 


1 ion /i \ 

1.389 (3) 


P /"I T TP1 

C62 — H62 


0.95 


Pin t ti n 

Cz9 — Hz 9 


0.95 


C63 — C64 


1 C 1 A /A \ 

1.514 (4) 


pi n Tim 

C30 — H30 


0.95 


P P 1 T TP 1 A 

C63 — H63A 


0.99 


p -> i * PH A 

C31A — C32A 


1.527 (2) 


C63 — H63B 


0.99 


pi i a Til 1 a 

L31A — H31A 


A AA 

0.99 


p p /] T TPT /I A 

C64 — H64A 


A AO 

0.98 


PI 1 A TJ1 1 D 

C3 1A — H3 lb 


A AO 

0.99 


p P /I TJ/./ID 

C64 — H64b 


A AO 

0.9o 


p">i a nil a 

C32A — H32A 


0.98 


PP"/1 TTP"/1P 

C64 — H64C 


n no 

0.98 


P11 A TT11T1 

C32A — H32B 


0.98 


Nl — PI 


1 ~7 i p"n / 1 t \ 

1.7160 (17) 


/~"> 1 a tti 

C32A — H32C 


A AO 

0.98 


XT 1 TiO 

Nl — rz 


1.7183 (18) 


PTin /-IT 1T) 

C32B — C31B 


1 /ICC /o\ 

1.455 (8) 


XT^ n i 

N2 — P3 


1.7138 (17) 


C32B— H32D 


0.98 


N2— P4 


1.7214(17) 


C32B— H32E 


0.98 


PI— SI 


1.9467 (8) 


L3zb — Hizr 


A AO 

0.98 


m co 

P2 — S2 


1 A A ptp: /o\ 

1.9466 (8) 


p "> i r> in i p 

C3 lb — H31C 


A AA 

0.99 


P3 — bi 


1 A A A jC /0^ 

1.9446 (o) 


P"> 1 F"» TT") 1 T~\ 

C31B — H31D 


0.99 


P4 — S4 


i ndf i /o\ 

1.9451 (8) 


P"> 1 P 1 O 

C33 — C38 


1.394 (3) 






p i p i p p 

C2 — CI — Co 


1 1 A AC / 1 A\ 

119. U5 (19) 


pn pop: tttzt 

C 3 7 — L 3 6 — H3 6 


1 OA 1 

lzO.l 


P 1 P 1 T* 1 

C2 — CI — PI 


1 1 o *) 1 / 1 n\ 

118.31 (17) 


PIP PIT P")0 

C36 — C37 — C38 


1 1 A 1 /1\ 

120.2 (2) 


P • P pi T-\ 1 

Co — CI — Pi 


1 H CO /I A 

122.58 (16) 


pip p 1 1 TTn 

C36 — C37 — H37 


1 1 n n 

119.9 


t~"i r^^t /^t 
C3 — C2 — C 1 


1 OA A ZO\ 

120.4 (2) 


r"io xm 
C38 — C3 / — H3 / 


1 1 A A 

119.9 


C3— C2— H2 


119.8 


C37— C38— C33 


120.3 (2) 


CI— C2— H2 


119.8 


C37— C38— H38 


119.9 


C4— C3— C2 


120.2 (2) 


C33— C38— H38 


119.9 


C4— C3— H3 


119.9 


C40— C39— C44 


119.4 (2) 


C2— C3— H3 


119.9 


C40— C39— P3 


119.23 (18) 
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C3 — C4 — C5 


1 OA A ZO\ 

120.0 (2) 


/"■O /"< A TT/I 

C3 — C4 — H4 


1 O A 

120 


p r p A TT A 

C5 — C4 — H4 


1 in 

120 


Co — C5 — C4 


1 OA O ZO\ 

120.3 (2) 


Co — C5 — H5 


1 1 A A 

119.9 


p J p c TTC 

C4 — C5 — H5 


1 1 A A 

119.9 


C5 — Co — CI 


1 OA 1 ZO\ 

120.1 (2) 


/"'c /_ tt/: 

C5 — Co — Ho 


1 1 A A 

119.9 


p 1 p /_ TTzT 

CI — Co — Ho 


1 1 A A 

119.9 


C8 — C7 — C12 


119.5 (2) 


Co — C7 — rl 


1 1 A AC / 1 0\ 

119.45 (18) 


C12 — C7 — PI 


121.05 (17) 


P [A p O p "7 

C9 — C8 — C7 


1 1 A *7 /1\ 

119.7 (2) 


C9 — C8 — H8 


1 OA 1 

120.1 


/~1 r-i q TTO 

C7 — C8 — H8 


120.1 


f\\{\ PA P 0 

CIO — C9 — C8 


1 iri 0 /O \ 

120.8 (2) 


CIO — C9 — H9 


1 1 A £L 
119.0 


/-10 p r\ Tin 

C8 — C9 — H9 


119.6 


C9 — CIO — Cll 


1 1 r\ ^7 /o \ 

H9.7 (2) 


p (\ p 1 (\ TT1A 

C9 — CIO — H10 


1 O A O 

120.2 


pi 1 P 1 A TT1 A 

Cll — C 1 0 — H 1 0 


1 O A O 

120.2 


CIO — Cll — C12 


1 O A O /ON 

120.2 (2) 


p 1 /\ /- 1 -11 T T 1 1 

CIO — Cll — Hll 


119.9 


p i o TT11 

C12 — Cll — Hll 


1 1 A A 

119.9 


p 1 1 p-7 
Cll — Clz — C / 


1 OA 1 ZO\ 

lzU.l (z) 


p 1 1 /-i i ^ T T 1 O 

Cll — C12 — H12 


119.9 


/T7 /"I 1 ^ TT1 ^ 

C7 — Cl2 — HI 2 


119.9 


p -1 A p 1 ^) p -1 0 

C14 — C13 — C18 


119.6 (2) 


A f~< 1 1 DO 


121.53 (15) 


p 1 0 /" 1 o Til 

C18 — C13 — P2 


110 "7 C / 1 T\ 

118.75 (17) 


C15 — C14 — C13 


\ i~\f\ c\f\ /1 r\\ 

120.00 (19) 


pi C P 1 ,4 TT1/1 

C15 — C14 — H14 


1 1A 

120 


pi i pi/1 TTi/i 
C13 — C14 — H14 


1 OA 

lzU 


P 1 A P 1 C P 1 /" 

C14 — C15 — Clo 


120.0 (2) 


p 1 /I PIC TT 1 C 

C 1 4 — C 1 5 — H 1 5 


1 OA 

120 


PI/' P 1 C TT1 f 

Clo — C15 — Hl5 


1 OA 

120 


p 1 -7 p 1 / p 1 c 

C17 — Clo — C15 


1 OA O ZO\ 

lzO.z (z) 


p 1 -7 Pl/T tti /; 

C17 — Clo — H16 


1 1 A A 

119.9 


P 1 C P 1 /" TTI/' 

C15 — Clo — H16 


119.9 


P 1 /" p 1 -7 P10 

Clo — C17 — C18 


1 OA A ZO\ 

120.0 (2) 


p 1 / p 1 -7 tti n 

Clo — C17 — H17 


1 O A 

120 


p 1 O p 1 -7 tti n 

C18 — C17 — H17 


1 OA 

120 


/~> 1 o - no 1 o 

C17 — C18 — C13 


1 OA 1 /OS 

120.1 (2) 


pn pin TT 1 0 

CI / — C18 — His 


119.9 


C13— C18— H18 


119.9 


C24— CI 9— C20 


119.7(2) 


C24— CI 9— P2 


117.55(17) 


C20— CI 9— P2 


122.52 (17) 


C21— C20— C19 


119.9(2) 



P A A poa m 

C44 — C39 — P3 


101 OT / 1 0\ 

121.27 (18) 


P A 1 P /I A P O A 

C41 — C40 — C39 


1 O A A /O \ 

120.0 (2) 


p /I 1 P /I A TTylA 

C4 1 — C40 — H40 


1 OA 

lzU 


POA P /I A TT/1A 

C3 9 — C40 — H40 


1 OA 

120 


P /I O P A 1 P >1 A 

C42 — C4 1 — C40 


1 O A O ZO\ 

120.3 (2) 


/"MO p /I 1 TT/11 

C4z — C4 1 — H4 1 


1 1 A O 

119.8 


P/1A P/11 TT/11 

C40 — C4 1 — H4 1 


1 1 A O 

119.8 


/"MO p /I O p /I 1 

C43 — C4z — C4 1 


1 OA 1 ZO\ 

120.1 (2) 


p /) 0 p /] O TJ/IO 

C43 — C4Z — H4Z 


1 OA 
1/U 


P A 1 P /I O T T A O 

C4 1 — C42 — H42 


120 


P/IO P/11 P/1/1 

C42 — C43 — C44 


1 OA 4 ZO\ 

120.4 (2) 


p /] O p /I ") TT/IT 

C42 — C43 — H43 


1 1 A O 

119.0 


C44 — C4J — H43 


1 1 A O 
1 19.0 


p /i 0 a a ( ^ ") n 

C43 — C44 — C39 


1 1 A O ZO\ 

119.8 (2) 


P /I O P /I A t~\ a a 

C4 3 — C44 — H44 


120.1 


P O A P /I /I T T A A 

C39 — C44 — H44 


120.1 


C • 1 /_ P /I C p C A 

C46 — C45 — C50 


1 1 A O ZO\ 

119.8 (2) 


C46 — C45 — P4 


101 Z A 

121.54 (15) 


P C A P /I C Ti A 

C50 — C45 — P4 


1 1 O C 1 / 1 "7\ 

118.51 (17) 


p /I -7 p /I /_ P yl C 

C47 — C46 — C45 


1 1 A AO" / 1 A\ 

119.97 (19) 


C4 / — C4o — H4o 


1 OA 
1ZU 


C45 — C46 — H46 


1 OA 

120 


P /I /" P /I T P /I O 

C46 — C47 — C48 


1 1 A A /ON 

119.9 (2) 


C46 — C47 — H47 


1 OA 1 

1Z0.1 


C48 — C47 — H47 


1 OA 1 

1Z0.1 


P /I A P /I O P yl "7 

C49 — C48 — C47 


1 O A C /ON 

120.5 (2) 


P A A P /I O T T A O 

C49 — C48 — H48 


119.8 


p /I -7 P /I O TT/fO 

C47 — C48 — H48 


1 1 A O 

119.8 


p /l O P /I A p r A 

C48 — C49 — C50 


1 1 A A ZO\ 

119.9 (2) 


P /I O P /I A T T A A 

C48 — C49 — H49 


120.1 


p c A P /I A TT/1A 

C50 — C49 — H49 


1 OA 1 

1Z0.1 


(~< A A /"r/i p ^ c 

C49 — C50 — C45 


1 OA A ZO\ 

120.0 (2) 


/~MA PCA UCA 

C49 — LjU — H5U 


1 OA 

lzu 


p<f PCA TTCA 

C45 — C50 — H50 


120 


PCO PC1 PC/" 

C52 — C51 — C56 


119.5 (2) 


p c 0 pci r> 1 

C52 — C51 — r4 


100 0 0 ( 1 n\ 

122.32 (17) 


C5o — C51 — r4 


1 1 O" AC / 1 0"\ 

117.95 (17) 


PCO PCO PC1 

C53 — C52 — C51 


119.7 (2) 


Pfl PCO TTCO 

C53 — C52 — H52 


1 OA O 

120.2 


p c 1 PCO TTCO 

C5 1 — C52 — H52 


1 OA O 

120.2 


p C /I PCO p c 0 

C54 — C53 — C52 


1 OA O ZO\ 

120.3 (2) 


P C /l PC") TTf 1 

C54 — C53 — H53 


1 1 A O 

119.8 


PCO PO TTO 

C52 — C53 — H53 


1 1 A O 

119.8 


C53— C54— C55 


120.2 (2) 


C53— C54— H54 


119.9 


C55— C54— H54 


119.9 


C56— C55— C54 


119.9(2) 


C56— C55— H55 


120.1 


C54— C55— H55 


120.1 
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f • ~\ 1 /~iOA ITTA 

C21 — C20 — H20 


120.1 


C19 — C20 — H20 


120.1 


C22 — C2 1 — C20 


1 O f\ 1 /O \ 

120.1 (2) 


/""OO f "~\ 1 TT^1 

C22 — C2 1 — H2 1 


120 


/-lOO O 1 TTOI 

C20 — C21 — H21 


120 


C2l — C22 — C23 


120.2 (2) 


C2 1 — C22 — H22 


H9.9 


C23 — C22 — H22 


H9.9 


C24 — C23 — C22 


120.1 (2) 


C24 — C23 — H23 


119.9 


C22 — C23 — H23 


1 1 A A 

119.9 


C23 — C24 — C 1 9 


1 A /O \ 

120.0 (2) 


C23 — C24 — H24 


120 


C 1 9 — C24 — H24 


120 


C26 — C25 — C30 


H9.0 (2) 


C26 — C25 — Nl 


120.7 (2) 


C30 — C25 — Nl 


120.3 (2) 


C27 — C26 — C25 


120.3 (2) 


C27 — C26 — H26 


119.9 


C25 — C26 — H26 


119.9 


/nin no 

C26 — C27 — C28 


121.5 (2) 
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N2— C57— C58— C59 -176.99 (18) C52— C51— P4— C45 37.67 (19) 

C57— C58— C59— C60 "1-5(3) C56— C51— P4— C45 -137.25 (16) 

C58— C59— C60— C61 1.3(3) C52— C51— P4— S4 160.37 (15) 

C58— C59— C60— C63 -177.3 (2) C56— C51— P4— S4 -14.55(18) 



Hydrogen-bond geometry (A, °) 

Cgl and Cg2 are the centroids of the C19-C24 and C57-C62 rings, respectively. 
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Symmetry codes: (i) -x+2, -y, -z+ 1 ; (ii) x~\,y,z+\. 
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